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Polycyclic aromatic hydrocarbons (PAHs) are a large class of or-
ganic compounds produced by the incomplete combustion of fossil
fuels as well as from high heat applied to organic matter such as
tobacco, meat, and grain.1 As such, PAHs are implicated in cancers
associated with diverse occupations, smoking, and consumption of
processed and cooked meat.1,2 Among the most well-known PAHs
is benzo(a)pyrene (BaP), one of the causes of scrotal cancer in
chimney sweeps2 and thus one of the first occupational exposures
linked to cancer risk.3 A thought-provoking review appearing in
this issue of Environmental Health Perspectives by King et al.3

summarizes a modest and longstanding, but neglected, literature
on PAHs in alcohol that suggests these chemicals could also play a
role in alcohol-induced carcinogenesis.

Anybody who has ever eaten barbecued burnt ends, had
grilled hot dogs at the ballpark, or enjoyed a peaty single malt
scotch from Islay understands the appeal of rich, smoky flavors
typically associated with cooking over flames or high heat and
the resulting production of PAHs. However, processed meats2

and alcoholic beverages4 are designated as group 1 carcinogens
by the International Agency for Research on Cancer (IARC),
and the World Cancer Research Fund and American Institute of
Cancer Research recommend limiting consumption of red and
processed meats.5 Given what we know about the origins of
PAHs and their solubility in ethanol, perhaps it should not
come as a surprise that they have been found in alcoholic bever-
ages aged in charred barrels, flavored with peat smoke, or made
with roasted grains.

As summarized by King et al.,3 PAHs—including BaP—have
been examined in 11 English-language papers covering some 124
different varieties of spirits, wine, and beer, a small subset of alco-
holic beverage brands.6 BaP equivalents up to 93 ng=L (in rum)
were reported, with some values exceeding exposure limits for
BaP in drinking water of the United Kingdom and Australia (both
at 10 ng=L) and Canada (40 ng=L), but not the United States
(200 ng=L). Five of the studies did not sum measured PAHs but
reported high levels of specific PAHs such as 8,862 ng=L of three-

ring PAHs in Laphroaig scotch and 4,991 ng=L of two-ring PAHs
in Virginia Gentleman bourbon, with lower levels of four-, five-,
and six-ring compounds.7 Unfortunately, these studies used differ-
ent analytical techniques and were published over many years
(1966–2019). Additional work surveying a wide range of alcohol
products and using up-to-date analytical approaches8 would be
worthwhile to better understand exposure to PAHs from alcohol.

BaP is the only PAH designated a group 1 carcinogen by the
IARC, but several mixtures of PAHs and PAH-producing indus-
tries are also judged to be group 1 carcinogens.1,9 Of the 60 indi-
vidual PAHs reviewed by IARC, three others are classified
as probably carcinogenic and 11 as possibly carcinogenic.10,11
Inadequate data are available to classify the 45 remaining com-
pounds.11 Sixteen PAHs have been designated priority pollutants
by the US Environmental Protection Agency. A key problem for
such designation is the fact that virtually all exposures to PAHs
involve mixtures of many different PAHs. This makes exposure
assessment and estimates of risk complex and difficult. Yet,
increased understanding of exposure pathways, such as through
alcohol consumption, and application of new developments in
epidemiological analysis of exposure mixtures could advance
our understanding of the roles of specific PAHs and PAH mix-
tures.12–14

Despite the fact that levels of BaP and PAHs in some alcohol
samples exceeded established thresholds for drinking water, read-
ers may well wonder if drinking alcoholic beverages would result
in meaningful exposures. We note that over 2 billion people drink
alcohol,15 and consumption cuts across all ages, genders, and
race/ethnicities, with evidence for greater harms for individuals
at lower income levels.16 Even small increases in risk, when so
many are exposed, is a matter of concern. Alcohol consumption
has long been recognized as increasing the risk of cancer at multi-
ple sites, but research on the underlying mechanisms have largely
focused on pathways related to acetaldehyde, a metabolic product
of ethanol, as well as direct effects of ethanol on metabolism, hor-
mone levels, and inflammation.17 Modeling the potential contri-
bution of PAHs to alcohol-induced carcinogenesis could be a
useful next step. Systems models of tobacco exposure and lung
cancer demonstrate the utility of such approaches for exploring
mortality outcomes, interactions between risk factors, and alter-
native policy scenarios.18

The presence of known carcinogens in commonly consumed
alcoholic beverages raises several further questions of interest for
public health. For example, traditional methods of barrel charring
and the intensity of such charring used to produce Spanish brandies
influence their concentrations of PAHs.19 Interestingly, another pop-
ular (but nonalcoholic) beverage, yerba mate, also contains PAHs,
which may contribute to its association with esophageal squamous
cell carcinoma.20,21 Because regulating methods of preparing tradi-
tional and often beloved food and drink is fraught with challenges,
an alternative approach involves labeling on containers or at the
point of sale. There is already some precedent for doing so; labels
concerning cancer risk related to alcohol are mandated in a few
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countries,22,23 point-of-sale warnings concerning alcohol and cancer
are required in California,24 and efforts are under way to include
such labels on alcohol containers in the United States.25 Such labels
are effective at increasing awareness and reducing consumption but
receive substantial industry opposition.26 An alternative to warnings
about health effects involves labeling with ingredients, like that
required for prepared foods in the United States. This is complicated
by the presence of numerous secondary compounds derived from
plants, products of processes used to make specific alcohol bever-
ages such as the aforementioned aging in charred barrels, and a
large but poorly known set of additives related to flavor, aroma,
mouthfeel, and other factors. Further research on alcohol labeling
could help address these issues.27

As well as being a drug, a social lubricant, a component of gas-
tronomic enjoyment, and a prominent part of history and culture,
alcohol is also a feature of a large landscape of what are being
called “commercial determinants of health.”28 These diverse roles
for alcohol create a myriad of complexities concerning research
and practice aimed at reducing its negative health effects.
Nevertheless, such efforts are vital, and the review by King et al.3

should stimulate further efforts to better understand potential
health effects of PAHs in alcoholic beverages and to address alco-
hol and public health in all its complexity.
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